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COMPLETE SPECIFICATION 

Method of Detecting Ions 



We, United Kingdom Atonuc Energy 
Authority, London, a British Audioniy, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
5 the method by which it is to be performed, 
to be particularly described in and by the 
following statement : — 

This invention relates to methods of detect- 
ing ions, particularly positive ions. A 
10 persistent difficulty in the mass analysis of ions 
has been the effect of interfering ions which 
tend to produce background signals in the 
detectors. It is extremely difficult to dis- 
tinguish the signals due to a cranponent of a 
15 mixture wh:n it is present in only small pro- 
portion, for example a small proportion of 
helium present in a large quantity of air is 
very difficult to detect. It is also extremely 
difficult to distinguish between ions of the same 
20 mass and charge but of diffCTent species. The 
interference caused by such ions can be most 
undesirable. For example the H-*** ion can 
interfere with the D"^ ion. 
Another and related point is that, with the 
25 advance of ultra high vacuum techniques in 
mass spectrometry, a need has arisen for a 
leak deteaor having greater sensitivity. It has 
been proposed to probe with acetone and use 
a sensitive pressure gauge as leak detector, and 
30 it has been proposed to probe with helium and 
pass the helium through two magnetic 
analysers to remove interfering ions. The ion 
detection sensitivity of a leak deteaor could 
be increased by a faaor of about one thousand 
35 by using an electron multiplier to detect the 
ion cunxmt, but unfortunately this added 
sensitivity is normally swamped by the back- 
ground due to ions of wide mass number dis- 
tribution scattered or dissociated by the 
40 residual gai> or the walls of the mass spectro- 
meter. They reach the deteaor although their 
change to mass ratios should make this 
impossible. 

An objea of the invention is to provide an 
45 ion detection method which has an improved 
sensitivity. 
[Price 4s. 6d.] 
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A further objea of the invention is to pro- 
vide an ion deteaor, for the ion detection 
metiiod, which can substantially suppress un- 
wanted background signals. 

A still funher objea of the invention is to 
provide an ion detection method whidi can 
distinguish between ions of the same mass and 
charge but having a different number of cofr- 
stiment nuclei. ^ 

By means of the invention it is thus possible 
to distinguish between Ha"*" and ions, be- 
tween H,+ and HD+ ions and between HC** 
and **air" ions. 

The invention is particularly adapted for 
use in mass speorometers, where the ions are 
positively charged. 

The invention consists in a method of de- 
tecting ions which comprises passing a beam 
of substantially mono-energetic ions into an 
ion detector composed of a vacuum vessel 
having means defining an aperture for entry 
of the ion beams, allowing the beam to strite 
a thin foil mounted to offer a front face to 
the said ion beam and having a thickness 
which is such that desired ions incident on the 
said face can penetrate the foil. to liberate 
secondary electrons from the back of die foil 
but undesired ions cannot, and detecting the 
secondary electrons by an electron detector 
mounted to receive the said secondary electrons 
to produce signals. 

The code of action of the foil can be ex- 
plained with reference to iis^ effect on a beam 
consisting of monocnergetic ions He"^, N"^ and 
Ns"^. and No*^ are typical " air '* ions. The 
range of low energy particles in tiie foil is 
proportional to E/Z* where E is llie energy 
and Z the atomic number of the ion. Thus 
the N"^ ion because of its higher Z will not 
penetrate as far as the He+ ion. The Ni* ion 
will dissociate on entering the foil and the 
two particles formed each have approximately 
half the energy and conscquentiy hall the range 
of the N**" ion. H the foil thickness is such 
that the He+ ion can just penetrate to the back 
of the foil and release a secondary electron 
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x*uu XrialcnSi 


Thickness 
/[ig/an8 


H+ 




H,+ 


D+ 


HD+ 


D.+ 




He++ 


Aluminium 


90 


71% 


10% 


0.37% 


81% 


50% 


45% 


48% 


84% 


Aluminium 


100 


54% 


1-1% 


0.10% 


64% 


29% 


15% 


25% 


76% 


Aluminium 


115 


40% 


0.25% 


0.02% 


48% 


20% 


6% 


16% 


50% 


Carbon 


70 


60% 


1.7% 


0.25% 


72% 


34% 


19% 


4.5% 




Gold 


200 


51% 


8.1% 


1.60% 


66% 


28% 


28% 


14% 


57% 



The results for some foils are shown in the 
above Table. They were all taken with 10,000 
ions/secs. striking one side of the foils and 
5 show the percentage of ions transmitced. In 
the case of the 90 .ug./cm* aluminium foil, it 
can be seen that for hydrogen the transmission 
falls off sharply for Hj"** and H3+. The trans- 
mission for D* is greater tiian for H^, as ex- 
10 pected from the shape of the energy loss 
curves below 100 KcV for these ions. The 
transmission for He*^ is always less than for 
H"^, although the ranges for these two ions 
were the same in aluminium at similar 
15 energies. He**"^ has a high transmission since 
it has twice Ae energy of die other ions. 

The 115 jug./cm* aluminium foil shows a 
very large drop in transmission for He"'' and 
Ha"*" while still giving high transmission for 
20 die atomic ions H+ D% He+ and Hc++. 

Carbon foils show the same general pro- 
perties as aluminium foils. 

Gold foils have high transmissiDn for 
atomic and molecular icms. This may be due 
25 to the fact that they are more granular in 
structure than the otiiersj or to the fact that 
for a given thickness in u^./cwr less atoms are 
present due to the high atomic weight, with 
a resultant increase in the percentage range 
30 straggle of the ions relative to the foil thick- 
ness. 

Appearance potential measurements on 
He"^ have been troubled by Ho*^ ions from 
the residual background gas in mass spectro- 

35 meters, occurring at the same mass number. 
A further example of the molecular ion rejec- 
tion property of this detector is shown in 
Figure 6. AB shows the response of photo- 
multiplier 11^ to a mixture of hydrogen and 

40 helium gas being bled into the spectrometer^ 
BC shows the response of photomultiplier 11. 
The He*^ peak has been slightly attenuated 
and the arrow at the Hs"*" position shows that 
this peak has been eliminated. 

45 A problem arises in the analysis of deuterium 
to hydrogen ratios near to normalj i.e,, about 
one part in six thousand, caused by the forma- 
tion in the ion source of the complex ion Hj"^. 
The problem can be solved by drawing a 

50 graph for the mass 3/mass 2 peak against 



total pressure as measured by the mass 2 peak 
and determining the ratio for zero intensity of 
H: by extrapolation of the straight line plot 
obtained. The intercept gives the H to D 
ratio. 55 

Reference to Table 1 shows that for the 90 
/ig./sq. cm. alununium foil the transmission 
for HD ions was 50% and for Ha"*" ions was 
0,37%. Therefore one measurement can give 
the H to D ratio dirccriy if the detector has 60 
been calibrated for the transmission of HD 
ions. 

WHAT WE CLAIM IS: — 

1. A metiiod of detecting ions whidi com- 
prises passing a beam of substantially mono- 65 
energetic ions into an ion deteaor composed 

of a vacuum vessel having means defining an 
aperture for entry of the ion beam, allowing 
the beam to strike a thin foil mounted to offer 
a front face to the said ion beam and having 70 
a tfaidmess which is such that desired ions 
incident on the said face can penetrate the foil 
to liberate secondary electrons from the back 
of the foil but undesured ions cannot, and 
detecting the secondary electrons by an 75 
electron deteaor mounted to receive the said 
secondary electrons to produce signals. 

2. An ion detector for the metiiod daimed 
in daim 1 in which means is provided to con- 
nect the foil to a source of electric potential 80 
of polarit>' opposite to that of the ions. 

3. An ion deteaor for the method daimed 
in dther of claims 1 and 2 in which a second 
dectron deteaor is mounted to recdve 
secondary dectrons emitted from the said front 85 
face. 

4. An ion deteaor for the method daimed 
in claim 1 wherein the said foil is mounted at 
an angle to, and to one side of, the direction 

of the ion beam at the said aperture, a diai^ 90 
is provided and held on the foil, wherdsy the 
ion beam is bent on to the face of the foil, a 
first dectron detector is mounted in space 
rdationship to the foil to dctea secondary 
dectrons emitted from the said back and a 95 
second dectron detector is mocmted in space 
relationship with said foil to detea secondary 
electrons emined from the said front face. 

5. An ion deteaor for the method daimed 
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ll\ Atomic ions penetrate foil 14 and cause 
the emission of electrons along line 28 in pro- 
portion to the number of atomic ions pene- 
trating the film. These electrons are also 

5 countod by means of photomultiplier 11. This 
deteaor thus provides a direct result for the 
effidcnqr of the detector, Lc, the mmiber of 
atomic ions whidi are incident on (me side of 
film 14 to the number releasing secondary 

10 electrons at ±e far side. 

Tests were carried out on an aluminium foil 
using the detector as illustrated in Figure 2. 
l^e aluminium foil used was 75 /^g./sq. cm. 
. and prepared by vacuum coating on glass. It 

15 was floated off on water, and lifted on a small 
ting which was a push fit in die foil holder. 
This was hdd by a rod of about 1 cm. in 
diameter in a one inch metal-glass seal, corru- 
gated to increase the surface track length to 

20 earth. 

The detector was mounted on a twelve inch 
radius 90° mass spectrometer, fitted with a 
conventional electron impact gas source. This 
source had no electron beam collimating 

25 magneL 

A pure helium sample was used to find the 
absolute transmission of the thin aluminium 
foil for heliimi ions. The source conditions 
were acQusted to give 1,000 counts/sec. on 

30 photomultiplier IP and with 30 KV on the 
fdl photomultiplier 11 counted 7,500 ions/ 
sec, Le., a transmission of 75% for He* ions. 

Air was now allowed to leak into the 
spectrometer to a pressure of about 1 x 10*~^ 

35 mm. Hg. Figure 3 showjs two scans throu^ 
mass four for natural b^liMm air mixture. 

AB is scaimed downwards in mass and 
represents the output from photomukiplier 11> 
CD is the simultaneous scan ou^t from 

40 photomultiplier 11 multiplied by a faaor of 
ten. On AB the helium peak shows up as a 
small rise on the broad badeground of 
scattered air ions»--on CD a sharply defined 
peak a{^rs. The base line for this peak is 

45 raised above the true base line by an amount 
that represents l/400th of full scale deflec- 
tion. (One thousand ions per second). Since 
the noise on the photomultiplier 11 with no 
beam was 2—3 ions/sec., this accounts fully 

50 for the departure from the true base line. The 
rejection factor for scattered ions is tiius 
greater than 4,000 since at A the total current 



is 4,000 ions per second. 

In figure 4 arc shown tinee scans through 
a beam of H*, H;*'" and Hj**" ions. Results 
were obtained with the thin film held at a 
potential of -25 kV at which the noise level 
was approximately 5 x lO^^* amps and the 
sensitivity was greater than 50 per cent for 
H"*" ions. The number of Hs"'' ions in the ion 
beam was approximately 50 times the number 
of ions. He"*" ions were also present Three 
runs were made through the H**", H2"^ and H,"^ 
regions. It can be seen that the H2'*' ions were 
almost cwnpletely rejected. No H,"*" ions pene- 
trated the fihn. 

A second mechanism contributes towards 
the r^ection of scattered air loi^ by this 
detector. Figure 5 shows the variation of 
scattered ion currents near mass four, with 
voltage on the aluminium foil. 

It can be seen that the total ion current 
rises sharply as the voltage falls and that even 
when die foil is at 16 KV this current is still 
larger than at 30 KV. This can be explained 
as follows. As the voltage on the foil is re- 
duced ions that have lost energy before enter- 
ing the detector, can now strike the foil nearer 
its centre point. Outside a certain radius on 
the foil ions are lost since the secondary 
dectrons tiiey release do not enter the 
phosphor; die effective diameter of which for 
election capture is 9 mm. The more energy 
an ion has lost^ the more the.foil voltage must , 
be reduced so that the ion may strike the foil 
inside this sensitive ladms. 

The shape of the curve on Figure 5 will be 
very distorted towards the low voltage end 
since, at 6 R V for example;, the e&deacf of 
the phosphor for detection of electrons must 
have fiillen very sharply. 

As a consequence of the second rejection 
effect, curve AB in Figure 3 does not give a 
true representation of ti^e ratio of helium ions 
to scattered ions entering the detector. The 
scattered ion pan of the curve diouM be much 
larger but a definite vahie cannot be put to the 
factor by whidi it should be increased. How- 
ever, one can say that the rejection factor 
4,000 found previously would probably be 
10,000 or better. 

The txansmission properties of different 
types of foils of various tiiidmesses have been 
mvestigated for many types (tf light ion. 
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sion 2 contains a plate 3 having a dit 4 and 
pumping holes 5. Vessel 1 has a recessed 
portion 6 having an aperture 7. Aperture 7 is 
dosed by an organic scintillator 8 fining 

5 against shoulders 9 carrying an O-ring seal 
10. A photomuidplier 11 fits into die recessed 
pordon 6 and presses firmly against the 
scintillator 8. The organic sdntillatcr 8 is 
Ne — 102 made by Nuclear Enterprises and 

W on its upper surface there is a layer of 
aluminium about O.OSju thidc. Scintillator S 
has a very short decay time, 5 x 10*~' 
seconds, and is 65 per cent as effident as 
anthracene. It is formed as a disc 4 cm. in 

15 diameter and i inch thick. A silicone oil is 
provided between the scintillator 8 and the 
photomuidplier 11 to give a good optical 
contaCT widi the photomuidplier. 
A polished stamless steel holder 12 has a 

20 slit 13 parallel to slit 4. Holder 12 supports 
a thin fihn 14 of nylon on to which has been 
deposited a layer of gold in amount 100 jigrxL/ 
sq. cm. Holder 12 is a push fit into an arm 
15 having a threaded nut screwed into a glass 

25 metal seal 16. Seal 16 fixed to a plate 17 
which sits on a flat milled on the side of 
flange 18 of vessel 1 and plate 17 is held to 
the flange by screws 24. An O-ring 19 is pro- 
vided between flange 18 and plate 17 and 

30 similarly an O-ring 20 is provided between 
the glass metal seal 16 and plate 17. An and- 
corona ball 21 fixed on top of the seal 16 has 
a lead 22 for connection to any suitable na- 
tive potential. The negative potential has the 

35 effect of providing automatic amplification. It 
accelerates the positive ions on to the disc 14 
and accelerates the dectrons away from the 
disc 14. A can 23 keeps light out of the 
detector. All metal parts arc highly polished 

40 and all sharp comets have been rounded to 
prevent conma dischargie. 

To operate the decectDr shown in Figure 1 
it is attadied to a mass spectrometer by 
flanged portion 2, and the interior is taken 

45 down to vacuum by pumping through the 
holes 5. Saucer 12 is connected to a - 25 kV 
potential and vessel 1 is earthed. A positive 
ion beam from the mass spectrometer passes 
through slit 4 and strikes disc 14. Electrons 

50 emitted from the lower surface of disc 14 pass 
through sHt 13 and strike the scintillator 8. 
The photo-dectrons emitted by the sdntillator 
are converted by die photomuMplier to 
dectrical pulses which can be amplified and 

55 counted as desired 

It should be noted that in the detector illus- 
trated in Figore 1 the photomuidplier 11 can 
be xemoved without destrc^g disc 8^ thus 



allowing replacement of the photomultiplier 
without letting air into vessd 1. 60 

In Figure 2, the vertical axis represents ions 
per second, the horizontal axis rq>resents 
time. Results were obtained with die ^lin Ghn, 
hdd at a potential of —25 kV at whidi the 
noise levd was approximatdy 5 x 10""^' amps 65 
and the sensitivity was greater than 50 per 
cent for H"*" ions. The number of Ha"*" ions in 
die ion beam was approximatdy 50 times the 
number of H"** ions. H^'^ ions were also 
present. Three runs were made through the 70 
H"*", Hs"^ and H^"*" regions. It can be seen that 
the ions were almost completdy refeaed. 
No Hs**" ions penetrated the film. 

In Figure 3 vessd 1 has a flanged exten- 
sion 2 for attachment to a mass spectrometer 75 
(not shown). Extension 2 contains a plate 3 
having a slit 4 and pumping holes 5. Vessd 
1 has a recessed portion 6^n having an aper- 
ture 7^n. Apertures 7 and T^n are closed by 
oiganic scintillators 8 and 8^n fitting against 80 
shoulders 9 and 9*n carrying Q-ring cylinders 
10 and lO^n. Photomulripliers 11 and IPn fit 
into the recessed portions 6 and 6^n and 
press firmly against scintillators 8 and 8*n. 
The polished stainless steel holder 12 supports 85 
a thin film 14 of aluminium of thickness 100 
/igm./sq. cm. Holder 12 is a push fit into an 
arm 15 having a threaded nut screwed into a 
glass metal seal 16. An anti-breakdown guard 
ring 25 of polystyrene is fixed on the insulator 90 
26 containing lead 22 attached to arm 15. 
Line 27 indicates the path of an ion beam 
from the mass spectrometer, line 28 indicates 
the padi of electrons emitted by atomic ions 
penetrating the film 14 and line 29 indicates 95 
the path of electrons emitted by molecular and 
atomic ions impinging on film 14. 

The apparatus shown in Figure 3 is 
operated in a manner similar to that shown in 
Figure 1. When a nuxed molecular and 100 
atomic ion beam 27 strikes the aluminium film 
14 secondary electrons proportional to the total 
number of ions are emitted along path 29, 
and are counted by n:ieans of photomuidplier 
ll^n. Atomic ions penetrate film 14 and cause 105 
the emission of dectrons along line 28 in pro- 
portion to the number of atomic ions pene- 
trating the film. These electrons are also 
counted by means of phomnniitipfier 11. This 
deteaor thus provides a direct result foe the no 
effidenqr of the detector^ ie., the number of 
atomic ions which are inddent on one side of 
film 14 to the number rdeasing secondary 
electrons at the far side. 

I. B. SIMPSON, 
Chartered Patent Agent 
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in any of rW^nfi 1 to 4 whcrtin the f ofl is 
siq>ported on a Sim of plastic organic material 
substantially transparent to said secondary 
electrons. ^ • j 

5 6. An ion deteaor for the method claimed 
in any of daims 1 to 5 wherein Ac said foil 
comprises aluminium* 

7. An ion detector for die method daimed 
in any of claims 1 to 5 wherein die said foil 

10 comprises carbon. 

8. An ion detector for the method daimed 
in any of daims 1 to 5 wherein die said foil 
comprises gold. 
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9. An ion detector for the mediod daimed 
in any of daims 5 to 8 in whidi the said film 
comprises a polyamine. 

10. In a mass spectrometer an ion detector 
for the mediod claimed in any ci daims 1 to 
9. 

11. An ion detector substantially as herein- 20 
before described with reference to any of the 
drawings accompanying the Provisi<Hial spcd- 
fication. 

I. B. SIMPSON, 
Chanered Patent Agent, 
Agent for the Applicants. 



PROVISIONAL SPECIFICATION 

Method of Detecting Ions 



We, United Kingdom Atomic Energy 
25 Authority, London, a British Audiority, do 
hereby declare this invention to be desoribcd 
in the following statement: — 

This invention relates to deteaois for posi- 
tive ions. It relates especially to ion detectors 
30 for use with mass spectrometers. A peisiscent 
difficulty in the mass analysis of isotopes has 
been ibc effect of interfering molecular ions. 
For example the H;"*" ion can interfere with 
the D'*" ion and the K^' isotope has been 

35 observed in a mass spectrometer to produce a 
Kc^ ion, having a mass of 234 in the uranium 
range. It is possible to resolve out most of this 
kind of badcgroimd interference by building a 
bigger and more accurate mass spectrometer 

40 but diis is obviously not an attractive course. 

This invention provides a positive ion 
detector which is sensitive to atomic ions and 
substantially insensitive to molecular ions. 
The invention consists in a positive ion 

45 detector comprising a vacuum vessel having an 
aperture for passage of positive ions, a thin 
fihn of a solid material (preferably a metal 
or metal compound) of thickness such that 
atomic positive ions incident on one side of 

50 the film causes electrons to be eniitted from 
die other side but molecular ions inddcat on 
one side of the film dissipate substantially all 
their energy within the film so diat they have 
only a small tendency to cause electrons to be 

55 emitted from the other side, and means 
responsive to the said electrons so as to pro- 
duce signals. 

In a particularly preferred form of the in- 
vention The thin film of material is negatively 

60 charged, thereby increasing the incident 
energy of the positive ions, and the energy of 
die emitted electrons. In this manner the 
sensitivity of the detector to very small ion 
currents can be increased. 

65 The thidmess of the film required for any 
particular application of the invention is 
dependent on a number of factors. For ex- 
ample, the thickness of the film should be 
greater if the energy of the inddeni ions in- 



creases and the thickness should be less if the 70 
mass of the inddent ions rises. 

It has been found advisable to detennine 
the diidmess experimentally for any particular 
filin. Simple observations znade using a known 
ion beam indicate when molecular ions are 75 
stopped but atomic ions pcnetca« satis- 
factorily. 

In practice a fihn thidmess of 100 ^gm. 
per sq. cno. has been found to be satisfactory 
for an aluminium fihn. 

The effea produced by the film can be 
simply described with re^ct to a Ks+ ion 
emitted by a mass spectrometer* If the film 
is connected to a -25 kV potential and the 
initial energy of the ion is 6 keV then the 85 
incident energy of the ion on the film is 31 
keV. The energies of chemical bonds rarely 
exceed 4 e.v. and the energies of the bonds in 
the ion will be less than this figure. 
Therefore the ion has suffidenr kinetic 90 
energy to cause it to disintegrate when it 
collides with an atom or atoms of mass com- 
parable to that of potassium. If there is com- 
plete disintegration of the ion then each 
separate K atom or ion will have an energy of 95 
about 5 kcV and will be unable to penetrate 
the film. 

This behaviour contrasts markedly with that 
of an atomic ion. The atomic ion has an 
inddent energy of 31 keV and cannot dis- IW) 
integrate to dissipate any energy. It thcrcfoic 
can penetrate the fihn and cause electron 
emission from the odier side. 

A particular embodiment of the invention 
will now be described with rrference to the 105 
accompanying drawings wherein: 

Figure 1 is a sectional elevation; 

Figure 2 is a graphical representation of the 
use of the detector with an icm beam of H2*'' 
and H-^ ions; and . 

Figure 3 is a diagrammatic sectional dera- 
tion. 

In Figure 1 a stainless steel vacuum vessel 
1 has a flanged extension 2 for attachment 
to a mass spectrometer (not shown). Extcn- 115 
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